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Description

TECHNICAL FIELD

[0001] The present invention relates to an arrange-
ment and a method for improving manoeuvrability of a
vehicle combination comprising at least three vehicle
units interconnected by articulated joints. The arrange-
ment and method is especially suited for heavy vehicle
combinations comprising three or more vehicle units,
where two vehicle units are provide with driven axles.

BACKGROUND ART

[0002] It is becoming more and more common to pro-
vide heavy vehicles with more than one driven axle. This
is especially true for hybrid vehicles, where one axle is
driven by a combustion engine in a regular fashion, and
where a further driven axle is provided with an electrical
machine. The electric machine can function as an electric
motor for providing propulsive force to the vehicle when
required, and can function as a alternator for retrieving
energy when the vehicle brakes.
[0003] It is common to use only the electric motor to
propel the vehicle in environmental sensitive areas, in
city centres or when starting to drive. One situation in
which the electric machine is used as an electric motor
together with the combustion engine is when extra pro-
pulsive energy is needed, e.g. when the vehicle is accel-
erating. When the vehicle is propelled by both the com-
bustion engine and the electric motor, it is important that
the two wheel axles are synchronized in order to improve
driveability and to reduce energy losses.
[0004] According to its abstract, WO2013/066215 A1
relates to an arrangement for improving stability of a ve-
hicle combination comprising a towing vehicle and at
least one towed vehicle, where the at least one towed
vehicle comprises at least one actively steered axle
and/or individual brake on at least one axle, where the
towing vehicle and the at least one towed vehicle each
comprises a yaw rate determining means for determining
the yaw rate of the vehicle and the at least one towed
vehicle, where the arrangement further comprises a ve-
hicle combination model adapted for determining a de-
sired delay value between the yaw rate of the towing
vehicle and the yaw rate of the at least one towed vehicle,
where the arrangement is adapted to stabilise the at least
one towed vehicle by using the determined yaw rate of
the towing vehicle and the desired delay value for the at
least one towed vehicle to establish a desired yaw rate
for the at least one towed vehicle, and to control the
steered axle and/or the individual brake of the at least
one towed vehicle such that the determined yaw rate of
the at least one towed vehicle corresponds to the desired
yaw rate of the at least one towed vehicle. The yaw rate
may be estimated or measured.
[0005] One area in which hybrid vehicles are used
more and more is in city buses. The main purpose is to

reduce emissions and to reduce energy cost. Even
though most buses are rigid buses, it is also common to
provide both articulated buses and bi-articulated buses,
especially where a high capacity is required. A conven-
tional articulated bus can be either of a pusher or a puller
configuration. In a conventional pusher bus, only the rear
C-axle is powered by a rear-mounted internal combustion
engine, and the longitudinal stability of the vehicle is
maintained by active hydraulics mounted under the ar-
ticulated joint. In a conventional puller articulated buses,
the engine is mounted either under the floor or off-center,
at the side of the bus, and only the B-axle is powered.
[0006] When introducing a further driven wheel axle
on a hybrid articulated bus, which comprises an electric
machine, the further driven axle will be positioned in the
vehicle unit that does not comprise the combustion en-
gine. One obvious reason is that the only not powered
axle, apart from the steering axle, will be positioned in
the other vehicle unit. Another reason would be to im-
prove the traction of the vehicle.
[0007] Thus, a pusher type hybrid articulated bus
would comprise a rear axle, the C-axle, powered by a
combustion engine and a rear axle of the front vehicle
unit, the B-axle, powered by the electric machine. A puller
type hybrid articulated bus would comprise a rear axle
of the front vehicle unit, the B-axle, powered by a com-
bustion engine and a rear axle, the C-axle, powered by
an electric machine.
[0008] Normally, both axles will not be powered simul-
taneously. When the battery is low, when driving rela-
tively fast or when driving outside of a city centre, the
combustion engine will be used alone. When driving in
environmental sensitive areas, in city centres or when
the batteries are charged, only the electric motor is used
to propel the vehicle. Only when a higher power is re-
quired, e.g. when a hill is to be climbed or when starting
to drive, both the combustion engine and the electric mo-
tor can be used to propel the vehicle. When the vehicle
is propelled by both the combustion engine and the elec-
tric motor, it is important that the two wheel axles are
synchronized such that the longitudinal forces in the ar-
ticulated joint are minimized.
[0009] Hybrid trucks are also becoming more common.
In a smaller delivery truck having only one rear axle pow-
ered by a combustion engine, the electric machine will
be connected to the same rear axle. These are referred
to as parallel hybrid vehicles, since the two engines can
work in parallel. It is also common to use serial hybrid
vehicles, where the axle is only driven by the electric
machine and where the combustion engine only drives
an alternator.
[0010] For larger hybrid trucks and tractors, it is im-
practical to have a main rear axle which is powered by a
combustion engine and an additional rear axle that is
powered by an electric machine, since the additional axle
is only used when necessary, i.e. when a heavy load is
to be carried. Instead, it is suggested to provide the trailer
with an electric machine to power an additional driven
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axle. This is especially advantageous for a tractor-trailer
combination, since there is not enough room for extra
batteries on a tractor and since a weight increase of a
tractor could overload the front axle. By placing the com-
plete hybrid system in the trailer would allow for a flexible
solution without impairing the tractor properties. Also in
such an arrangement, it is important that the two wheel
axles are synchronized such that the longitudinal forces
in the articulated joint are minimized.
[0011] It is also possible to place a hybrid system in a
drawbar trailer which is to be connected to a truck, or in
a trailer of a dolly-trailer combination which is also to be
connected to a truck. By using both a combustion engine
and an electric machine to propel the vehicle combination
when extra power is required, an increased traction is
obtained.
[0012] For all articulated vehicle combinations having
a driven axle in more than one vehicle unit, it is important
to synchronize the propulsive force to each wheel axle
such that the different vehicle units propel the vehicle by
an equal amount. If the drive axles are not synchronized
properly, the vehicle combination may become unstable
or energy may be lost. Such vehicles are thus provided
with a control system that will synchronize the wheel ax-
les.
[0013] An advantage of a long vehicle combination
comprising several vehicle units is that it is in general
more transport efficient since their load capacity is higher.
An articulated bus may e.g. transport more passengers
than a rigid bus.
[0014] One problem with a longer vehicle combination
may be the stability of the vehicle combination. Even for
vehicle combinations comprising two vehicle units, such
as a tractor trailer combination, stability problems may
arise when braking or turning. One stability problem that
may arise is that the trailer starts swinging from side to
side. This may happen when the vehicle combination
travels with a relatively high speed and changes lane or
drives in curves. The stability of the vehicle combination
will normally correct itself when the vehicle travels
straight, but this may still affect the traffic around the ve-
hicle, either by bumping in to other vehicles or by scaring
drivers in the vicinity. Another type of stability problem
arises when the vehicle combination brakes. One such
problem is known as jack-knifing, in which the trailer will
spin around such that the tractor and trailer will resemble
a folded pocket knife. This may happen when the trailer
is braked less than the tractor. Another problem is known
as swing out, where too much braking force by the trailer
and low tyre/road friction may cause loss of lateral grip-
ping force. This may cause the trailer to start swinging
back and forth or to rotate.
[0015] There are several ways of improving the stability
of a vehicle combination in order to avoid accidents. So-
lutions reducing the turning angle for the trailer have been
proposed, unsuccessfully. Anti-lock brakes and electron-
ic brake force distribution controlled by an electronic con-
trol unit has reduced some types of accidents. Such so-

lutions are mostly designed for a vehicle combination
having a single trailer, and use the brakes to stabilize the
vehicle combination. For a vehicle combination provided
with two driven axles and comprising more than two ve-
hicle units, the proposed solutions will not suffice. There
is thus still room for improvements.

DISCLOSURE OF INVENTION

[0016] An object of the invention is therefore to provide
an arrangement for improving manoeuvrability of a vehi-
cle combination comprising three vehicle units intercon-
nected by articulated joints, where two vehicle units are
provided with a driven axle. A further object of the inven-
tion is to provide a method for improving the manoeuvra-
bility of a vehicle combination comprising three vehicle
units, where two vehicle units are provided with a driven
axle.
[0017] The solution to the problem according to the
invention is described in the characterizing part of claim
1 for the arrangement and in claim 15 for the method.
The other claims contain advantageous further develop-
ments of the inventive arrangement and method.
[0018] In an arrangement for improving manoeuvrabil-
ity of a vehicle combination comprising a first vehicle unit,
a second vehicle unit and a third vehicle unit intercon-
nected by articulated joints, where the vehicle combina-
tion further comprises a distributed propulsion system,
in which the vehicle combination comprises a first driven
axle and a second driven axle and in which the first and
the second driven axles can be controlled independently,
means for determining the articulation angle between the
vehicle units, means for determining a steering wheel
angle of the vehicle combination, means for determining
the speed of the vehicle combination, means for deter-
mining the yaw rate of the vehicle units and means for
determining a delay value between the steering wheels
of the vehicle combination and at least one articulated
joint, the problem is solved in that the arrangement is
adapted to control a desired articulation angle between
of the first and the second articulated joints by coordinat-
ing the force ratio between the first driven axle and the
second driven axle by using the determined yaw rate or
articulation angle of the vehicle units and the determined
delay value.
[0019] By this first embodiment of the arrangement,
the arrangement will control a desired articulation angle
of the articulated joints by coordinating the force ratio
between the first driven axle and the second driven axle.
In this way, the rotational torque acting on the articulated
joints can be increased or decreased, which in turn will
affect the actual articulation angles.
[0020] In one example, the articulation angle of the first
and the second articulated joints is the same. This may
be the case when the different vehicle units have sub-
stantially the same length. With the same articulation an-
gles, the control of the vehicle combination is simplified
and the manoeuvrability of the vehicle combination is in-
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creased. When the vehicle combination turns, the behav-
iour of the two articulated joints will be similar and sym-
metrical. There is thus no need to introduce synchroni-
zation means between the two articulated joints. A certain
damping in each articulated joint may be of advantage.
[0021] In another example, the articulation angle of the
first and the second articulated joints will differ. This will
be the case when the vehicle units have different lengths
or when the articulated joints differ from each other. With
different articulation angles, a mean value for the first
and the second articulation angle can be used as a single
articulation angle.
[0022] In one example of the invention, the first driven
axle is provided in the first vehicle unit and the second
driven axle is provided in the third vehicle unit. An exam-
ple of such a vehicle combination is a bi-articulated bus
having a combustion engine mounted in the rear part of
the bus, and an electric motor mounted in the front part
of the bus. By adding an electric driveline to the front part
of the bus, a low floor of the bus can be preserved since
both an electric motor and batteries can be fitted below
the front low floor of a standard bus. In some bi-articulated
buses, the combustion engine is mounted in the front
part of the bus. In such a bus, it is possible to mount an
electric driveline in the rear part of the bus, and still pre-
serve the low floor of the rear part.
[0023] The vehicle combination may also be e.g. a
truck with a dolly and a trailer. In such a vehicle, the com-
bustion engine is mounted in the truck and the trailer will
be provided with an electric driveline, where an electric
motor and batteries are mounted in the trailer. The vehicle
combination may also be a truck with a drawbar trailer,
where the trailer is provided with a hybrid electric drive-
line.
[0024] By increasing the propulsive force of the rear-
most driven axle in relation to the front driven axle, the
rear vehicle unit will push against the articulated joints
which in turn will produce a positive rotational torque on
the articulated joints. The articulation angle will in this
case increase and the radius of the travelled path will
decrease. This function can be used when the articulated
vehicle combination is travelling through a sharp bend,
in order to decrease the turning radius of the vehicle com-
bination and to allow the vehicle combination to follow
the intended path.
[0025] By decreasing the propulsive force of the rear-
most driven axle in relation to the front driven axle, the
rear vehicle unit will apply a pulling force on the articu-
lated joints which in turn will produce a negative rotational
torque on the articulated joints. The articulation angle will
in this case decrease and the radius of the travelled path
will increase. This function can be used when the artic-
ulated vehicle combination is to be straightened out, in
order to stabilize the vehicle combination.
[0026] By varying the force ratio between the first driv-
en axle and the second driven axle, it is possible to create
either a pushing or compressive force or a pulling or
stretching force on the articulated joints. In this way, the

actual articulation angle of the articulated joints can be
controlled to follow a desired articulation angle. The de-
sired articulation angle may e.g. represent a desired path
that the vehicle combination is following, and may be
based on the steering wheel angle of the leading vehicle
unit and the determined delay value. A desired path may
also be determined from a vehicle model having the ar-
ticulation angle, the steering wheel angle and the vehicle
speed as input. The determined delay value is a delay
time based on the speed of the vehicle combination and
corresponds to the distance between the front axle and
respective articulated joint. If the vehicle travels with a
relatively low speed or stands still, it is preferred to let
the delay value be a distance instead. In this way, the
control system can start to control the desired articulation
angles when the vehicle combination starts to travel,
based on the measured articulation angles and the dis-
tance.
[0027] In another example of the invention, the first
driven axle is provided in the second vehicle unit and the
second driven axle is provided in the third vehicle unit.
An example of such a vehicle combination is a bi-articu-
lated bus having a combustion engine mounted in the
rear part of the bus, and an electric motor mounted in the
middle part of the bus. By adding an electric driveline to
the middle part of the bus, a low floor of the bus can be
preserved since both an electric motor and batteries can
be fitted below the middle low floor of a standard bus.
[0028] The inventive arrangement can be used to im-
prove the manoeuvrability of the vehicle combination and
to stabilize the vehicle. One condition in which it is ad-
vantageous to improve the manoeuvrability of the vehicle
combination is when the vehicle combination is to travel
through a sharp turn. Such a manoeuvre is mostly done
when the vehicle combination travels at a low speed. It
is thus of importance to only allow such a manoeuvre
when the actual vehicle speed is below a predetermined
vehicle speed. Such a predetermined speed may be be-
low 15-30 km/h.
[0029] One condition in which it is advantageous to
improve the stability of the vehicle combination is when
the vehicle combination travels straight or along a slightly
curved path at a relatively high speed. In such a condition,
it may be of advantage to create a slight stretching force
on the articulated joint which will counteract any longitu-
dinal instability, caused e.g. by a side wind or uneven
road surface. It may also be of advantage to apply a slight
stretching force on the articulated joint when the vehicle
is travelling on a slippery road, in order to prevent jack-
knifing.
[0030] The inventive arrangement is suitable for differ-
ent vehicle combinations. Such vehicle combinations in-
clude vehicle combinations having two or more articulat-
ed joints, such as a tractor, a dolly and a semi-trailer or
a bi-articulated bus.
[0031] In a method for method for improving the ma-
noeuvrability of a vehicle combination comprising a first
vehicle unit, a second vehicle unit and a third vehicle unit,
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where the vehicle combination comprises a first driven
axle and a second driven axle, where the vehicle units
are interconnected by articulated joints, the steps of de-
termining the articulation angles of the articulated joints,
determining a steering wheel angle of the vehicle com-
bination, determining the speed of the vehicle combina-
tion, determining the yaw rate of the vehicle units, deter-
mining a delay value between the steering wheels of the
vehicle combination and at least one the articulated joint,
and controlling a desired articulation angle between the
vehicle units by coordinating the force ratio between the
first driven axle and the second driven axle by using the
determined yaw rate of the vehicle units and the deter-
mined delay value are comprised.
[0032] With the inventive method, the manoeuvrability
of a vehicle combination comprising at least three vehicle
units interconnected by articulated joints can be im-
proved.

BRIEF DESCRIPTION OF DRAWINGS

[0033] The invention will be described in greater detail
in the following, with reference to the attached drawings,
in which

Fig. 1 shows a schematic vehicle combination com-
prising three vehicle units according to the in-
vention,

Fig. 2 shows another example of a schematic vehicle
combination comprising three vehicle units ac-
cording to the invention,

Fig. 3 shows a flow chart of an inventive method for
improving the manoeuvrability of a vehicle com-
bination.

MODES FOR CARRYING OUT THE INVENTION

[0034] The embodiments of the invention with further
developments described in the following are to be re-
garded only as examples and are in no way to limit the
scope of the protection provided by the patent claims.
The arrangement is suitable for all kinds of vehicle com-
binations comprising three vehicle units and where two
vehicle units each comprise a driven axle, and is espe-
cially suitable for heavy vehicles such as trucks towing
one or more trailers or buses comprising two articulated
joints.
[0035] Figure 1 shows a schematic vehicle combina-
tion 1 comprising a first vehicle unit 2, a second vehicle
unit 3 and a third vehicle unit 4. The first vehicle unit 2
and the second vehicle unit 3 are interconnected by a
first articulated joint 5. The second vehicle unit 3 and the
third vehicle unit 4 are interconnected by a second artic-
ulated joint 6. In the shown example, a bi-articulated bus
is used as an example of a vehicle combination. Another
example may e.g. be a tractor towing a dolly-semitrailer

combination or a truck towing a drawbar trailer. The first
vehicle unit 2 is the front section of a bi-articulated bus,
the second vehicle unit 3 is the middle section and the
third vehicle unit 4 is the rear section of the bi-articulated
bus. Such buses are normally used for public transpor-
tation, preferably in crowded areas where a high trans-
port capacity is needed. The vehicle combination is pro-
vided with a distributed propulsion system 33 which in
the shown example is a parallel hybrid system comprising
a second propulsive source and a first propulsive source.
In the shown example, the second propulsive source is
a combustion engine 12 and the first propulsive source
is an electric machine 10, which can be used as an elec-
tric motor. The second propulsive source may also be a
combustion engine combined with an electric machine
mounted in parallel. A means 35 for determining the
speed of the vehicle combination is further provided in
the first vehicle unit. This can e.g. be a speedometer reg-
istering the rotational speed of a wheel and may be com-
bined with a GPS-based speedometer system.
[0036] The first vehicle unit 2 is in this example provid-
ed with the electric machine 10. The electric machine is
connected to the first driven axle 7 through a first differ-
ential 9 and is powered by a battery 36. The wheels 26,
27 of the first driven axle will thus provide the same pro-
pulsive force when in use, even when the vehicle is turn-
ing such that the wheels will rotate with different rotational
speeds. The first vehicle unit 2 is further provided with a
front axle 13 having two front wheels 24, 25 which are
controlled by a steering wheel 32. An angle sensor 22
measures the steering angle of the front wheels. The first
vehicle unit 2 is also provided with yaw rate determination
means 17, which may be a yaw rate sensor that meas-
ures the actual yaw rate of the first vehicle unit. The first
vehicle unit is also provided with a first articulation angle
determining means 20 which may be an angle sensor
adapted to measure the first articulation angle.
[0037] The first vehicle unit 2 is also provided with delay
time determination means 23, which determines a delay
value between the steering wheels of the vehicle combi-
nation and at least one of the articulated joints 5, 6. It is
possible to determine a first delay value for the distance
between the centre of the steering wheels of the front
axle and the first pivoting point 15 of the first articulated
joint 5. This delay value corresponds to the distance trav-
elled by the first pivoting joint during the delay time, i.e.
the distance from the front axle to the first pivoting joint
when the vehicle combination travels with a steady
speed. The first delay value may also be the distance
between the front axle and the first pivoting point. It may
be of advantage to use a distance value when the vehicle
travels with a low speed or stands still. In the same way,
it is possible to determine a second delay value for the
distance between the centre of the steering wheels of
the front axle and the second pivoting point 16 of the
second articulated joint 6. The first vehicle unit is further
provided with a control unit 34 which is adapted to per-
form estimations and calculations regarding the param-
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eters used. The control unit may be a stand-alone control
unit or it may be integrated in an existing control unit,
such as in the electronic control unit of the vehicle com-
bination.
[0038] In the shown example, the length of the first,
the second and the third vehicle units is substantially the
same. The articulation angle of the first and the second
articulated joints will in this case be substantially the
same. For this case, a delay value for the distance be-
tween the centre of the steering wheels of the front axle
and the centre between the first articulated joint 5 and
the second articulated joint 6 can be determined and used
instead of the first and the second delay values. The cen-
tre between the first articulated joint 5 and the second
articulated joint 6 will in this case be treated as an imag-
inary articulated joint. This delay value corresponds to
the distance travelled by the centre of the second vehicle
unit during the delay time, and can be used to control the
articulation angles when the first and the second articu-
lation angles are equal.
[0039] In another example, the articulation angle of the
first and the second articulated joints will differ. This will
be the case when the vehicle units have different lengths
or when the articulated joints differ from each other. With
different articulation angles, a mean value for the first
and the second articulation angle can be used as a single
articulation angle. It would also be possible to use the
sum of the first and the second articulation angles as a
single articulation angle. Further, a new delay value can
be determined, which is a mean value of the first and the
second delay values. The delay value may also be a
mean value of the first and the second distance between
the front axle and the respective articulation joint.
[0040] The second vehicle unit 3 is the middle section
of the bi-articulated bus. The second vehicle unit is pro-
vided with a non-driven axle 14 having two wheels 30,
31. The second vehicle unit is further provided with a
second yaw rate determining means 18 and a second
articulation angle determining means 21 which may be
an angle sensor adapted to measure the second articu-
lation angle.
[0041] The third vehicle unit 4 is provided with the com-
bustion engine 12. The combustion engine may be used
alone to propel the vehicle combination, it may be shut
off such that the vehicle combination is propelled only by
electricity or the combustion engine may be used togeth-
er with the electric motor when a higher force is required
or when the manoeuvrability of the vehicle combination
is to be enhanced. The combustion engine is connected
to the second driven axle 8 through a second differential
11. The wheels 28, 29 of the second driven axle will thus
provide the same propulsive force when in use. The sec-
ond vehicle unit 4 is also provided with a third yaw rate
determination means 19, which may be a yaw rate sensor
that measures the actual yaw rate of the third vehicle unit.
[0042] The first vehicle unit 2 and the second vehicle
unit 3 are interconnected with a first articulated joint 5.
In the shown example, the first articulated joint is a fixed

articulation joint comprising a turntable, which is com-
monly used in articulated buses. The first articulated joint
5 may also be any coupling used by trucks, such as a
fifth wheel or a drawbar coupling, when the vehicle com-
bination is a tractor with a trailer. The first articulated joint
5 comprises a first pivoting point 15 around which the
first articulated joint rotates. The pivoting point is an im-
aginary point which represents the geometrical rotational
centre of the articulated joint.
[0043] The second vehicle unit 3 and the third vehicle
unit 4 are interconnected with a second articulated joint
6. In the shown example, the second articulated joint is
a fixed articulation joint similar to the first articulated joint.
The second articulated joint 6 comprises a second piv-
oting point 16 around which the second articulated joint
rotates. The pivoting point is an imaginary point which
represents the geometrical rotational centre of the artic-
ulated joint.
[0044] Since a driven axle is provided with a differential
gear, each wheel will deliver the same propulsive force
also when the vehicle combination is turning, by allowing
the two wheels to rotate with different rotational speeds.
The force applied on the articulated joints will thus be
symmetric and will not apply an additional yaw rate or
rotational torque on the articulated joints.
[0045] In the described example, the first and the sec-
ond articulated joints are similar. Mostly, similar articu-
lated joints are used in a bi-articulated bus, but it is pos-
sible to use different turntables for the first and the second
articulated joint. When the vehicle combination is a trac-
tor or a truck with one or more trailers, the articulated
joints will differ from each other. Each articulated joint
may also be provided with an articulation angle deter-
mining means in order to determine the articulation angel
between two adjacent vehicle units. There are different
ways of obtaining the articulation angle. One possibility
is to use an angle sensor mounted e.g. at the pivoting
point. Such a sensor is possible to use for a fixed artic-
ulated joint. For detachable joints, such as a drawbar
coupling or a fifth wheel, other determining means may
be more robust, such as cameras or other optical sen-
sors.
[0046] In the described example, the first articulation
angle and the second articulation angle will be the same,
since the articulated joints are similar. The articulated
joints will thus behave in a symmetric manner, which
means that the articulation angles will equal each other.
[0047] During normal operation of the vehicle combi-
nation, one of the driven axles is often used to propel the
vehicle combination. Depending on e.g. where the vehi-
cle is driven and on the electric energy storage capacity,
the combustion engine or the electric machine is used.
The electric machine is preferably used in city centres or
other densely populated areas, or when the batteries are
charged with electricity. The combustion engine is pref-
erably used when driving outside of these areas or when
the batteries are more or less empty.
[0048] In some cases, it is also of advantage to use
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both the combustion engine and the electric machine to
propel the vehicle combination. One reason is when extra
power is required, such as when starting, accelerating or
driving up a hill. Another reason may be to increase trac-
tion when the road condition is slippery. In those cases,
both driven axels will deliver the same propulsive force.
[0049] Another reason for using both the combustion
engine and the electric machine to propel the vehicle is
to improve the manoeuvrability of the vehicle combina-
tion. In this case, the force ratio between the first driven
axle and the second driven axle will be controlled such
that a desired first and second articulation angle will be
obtained. In this way, the rotational torque acting on the
articulated joints can be increased or decreased, which
in turn will affect the actual articulation angles.
[0050] By increasing the propulsive force of the driven
axle of the third vehicle unit in relation to the driven axle
of the first vehicle unit, the third vehicle unit will push
against the second articulated joint which in turn will pro-
duce a positive rotational torque on the second articulat-
ed joint. Further, this pushing action will cause the second
vehicle unit to push against the first articulated joint which
in turn will produce a positive rotational torque on the first
articulated joint. The first and second articulation angles
will in this case increase and the radius of the travelled
path will decrease. In this way, it is possible to increase
the articulation angle of the vehicle combination which in
turn can be used when the articulated vehicle combina-
tion is travelling through a sharp bend. This will also allow
the vehicle combination to follow the intended path initi-
ated by the steered front wheels. Without actively con-
trolling the articulation angles, it may be that the radius
travelled by the articulated joint is larger than the radius
travelled by the steered front wheels, such that the artic-
ulated joint cuts corners. By controlling the desired artic-
ulation angles, this may be avoided.
[0051] In order to control the articulation angle when
the vehicle drives e.g. around a tight corner, the system
detects the steering angle of the vehicle combination.
When the steering angle exceeds a predetermined angle
value, e.g. 10 degrees or more, the system will increase
the propelling force of the combustion engine, in order
to increase the articulation angles of the first and the sec-
ond articulated joints. The force ratio between the first
driven axle and the second driven axle will depend on
the radius of the travelled path and on the speed of the
vehicle combination. When the curved path is finished
and the vehicle combination straightens out, the force
ratio can be set to one again.
[0052] It is also possible to use the distance between
the front axle and the respective articulated joints as an
input value together with the articulation angles. This can
be of advantage when the vehicle combination e.g. is
following a curved path and has to stop during the travel.
In order to be able to follow the same path with the dif-
ferent vehicle units, i.e. to be able to determine a desired
articulation angle, it is important to have a reliable starting
value. When the vehicle combination stands still, the yaw

rates of the vehicle units will all be zero, and it will thus
be impossible to determine a desired articulation angle
before the vehicle has travelled a specific distance. By
using the articulation angles as input values, the vehicle
combination can continue to follow the same travelled
path when the vehicle combination continues to travel,
without any disruptions. This will allow for a smooth ride
along the curved path, even if the vehicle combination
has to stop or drive very slow. The desired articulation
angle is preferably determined by using a linear vehicle
model.
[0053] If the vehicle combination is propelled only by
the electric machine when the vehicle combination enters
the curved path, the combustion engine is started such
that a desired force ratio can be set. The same applies
if the vehicle combination is only propelled by the com-
bustion engine when the vehicle combination enters the
curved path. In this case, the electric machine is activated
as an electric motor.
[0054] By decreasing the propulsive force of the driven
axle of the third vehicle unit in relation to the driven axle
of the first vehicle unit, the third vehicle unit will apply a
pulling force on the second articulated joint which in turn
will produce a negative rotational torque on the second
articulated joint. Further, this pulling action will cause the
second vehicle unit to pull at the first articulated joint
which in turn will produce a negative rotational torque on
the first articulated joint. The articulation angle will in this
case decrease and the radius of the travelled path will
increase. This function can be used when the articulated
vehicle combination is to be straightened out, in order to
stabilize the vehicle combination.
[0055] By varying the force ratio between the second
driven axle and the first driven axle, it is possible to create
either a compressive force or a stretching force on the
articulated joints. In this way, the actual articulation angle
of the articulated joints can be controlled to a desired
articulation angle. The desired articulation angles may
e.g. represent a desired path that the vehicle combination
is following, which is set by the steering wheel angle of
the first vehicle unit and at least one determined delay
value. A desired path may also be determined from a
vehicle model having the articulation angles, the steering
wheel angle and the vehicle speed as input.
[0056] For the vehicle combination described in this
example, where a driven axle is connected to a propulsive
source through a differential gear, both wheels of a driven
axle will deliver the same propulsive force. The force ap-
plied on an articulated joint will thus be symmetrical and
will not apply an additional yaw rate or rotational torque
on that articulated joint.
[0057] The inventive arrangement can be used to im-
prove the manoeuvrability of the vehicle combination and
to stabilize the vehicle. One condition in which it is ad-
vantageous to improve the manoeuvrability of the vehicle
combination is when the vehicle combination is to travel
through a sharp turn. Such a manoeuvre is mostly per-
formed when the vehicle combination travels at a low
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speed. It may thus be of importance to only allow such
a manoeuvre when the actual vehicle speed is below a
predetermined vehicle speed. Such a predetermined
speed may be below 15-30 km/h.
[0058] One condition in which it is advantageous to
improve the stability of the vehicle combination is when
the vehicle combination travels straight at a relatively
high speed. In such a condition, it may be of advantage
to create a slight stretching force on the articulated joints
which will counteract any longitudinal instability, caused
e.g. by a side wind or uneven road surface. The stabili-
zation of the vehicle in order to counteract longitudinal
instability is preferably performed when the vehicle com-
bination travels at a relatively high speed. In one devel-
opment, such stabilization is only allowed when the ac-
tual vehicle speed is above a predetermined vehicle
speed, e.g. above 50 km/h.
[0059] It may also be of advantage to apply a slight
stretching force on the articulated joint when the vehicle
is travelling on a slippery road, in order to prevent jack-
knifing. In such a case, stabilization by applying a stretch-
ing force on the articulated joints is also allowed at slow
speeds.
[0060] When the vehicle combination is travelling
along a curved path, the desired path is set by the angle
of the front wheels. By determining the articulation angles
of each articulated joint, it is possible to use a vehicle
model to estimate if each vehicle unit, or more specifi-
cally, if each wheel axel of each vehicle unit follows the
desired path. If not, it is possible to determine the devi-
ation from the desired path. By controlling the propulsive
ratio between the two driven axles, it is possible to control
the desired articulation angle such that each wheel axle
follows the desired path. With the speed of the vehicle
and the determined delay time, it is possible to control
the articulation angles such that each pivot point follows
the desired path.
[0061] In order to control the articulation angle when
the vehicle drives straight and is to be stabilized, the sys-
tem detects the speed and the yaw rate of the vehicle
combination. If the speed exceeds a predetermined
speed value, e.g. 60 km/h or more, and the yaw rate
exceeds a predetermined value, the system will decrease
the propelling force of the combustion engine, in order
to decrease the articulation angles of the first and the
second articulated joints. The force ratio between the first
driven axle and the second driven axle will depend on
the measured yaw rate and on the speed of the vehicle
combination. When the vehicle combination is stabilized,
i.e. when the measured yaw rate is below a predeter-
mined value, the force ratio can be set to one again. Here,
the articulation angle is controlled to be as small as pos-
sible, or to be smaller than a predefined angle value.
[0062] If the vehicle combination is propelled only by
the electric machine when it is decided to stabilize the
vehicle combination, the combustion engine is started
such that a desired force ratio can be set. The same
applies if the vehicle combination is only propelled by the

combustion engine when it is decided to stabilize the ve-
hicle combination. In this case, the electric machine is
activated as an electric motor.
[0063] If the conditions are slippery and the vehicle
combination is traveling straight, i.e. with no substantial
steering angle, the vehicle combination can also be sta-
bilized. In this case, the stabilization will take place re-
gardless of the speed of the vehicle combination. Instead,
the yaw rate will be used to determine if the vehicle com-
bination is to be stabilized. When the yaw rate exceeds
a predetermined value, or when the articulation angle
increases by a certain amount, and e.g. the ABS-system
indicates slippery conditions, the force ratio between the
first driven axle and the second driven axle is controlled
such that the vehicle combination is stabilized. The ar-
ticulation angle is here controlled to be smaller than a
predefined angle value or to be close to zero.
[0064] If the vehicle combination travels along a curved
path, the articulation angle is controlled to correspond to
the curved path indicated by the steering angle. If the
articulation angle exceeds this value, such that the artic-
ulation angle corresponds to a path that is curved more
than the steering wheels indicates, the vehicle combina-
tion is stabilized such that the articulation angle corre-
sponds to the curved path indicated by the steering angle.
[0065] It is of advantage to use the articulation angle
as input for determining a desired articulation angle when
the vehicle is travelling at low speed, since the yaw rate
may be relatively low at low speeds and since the reso-
lution of a yaw rate sensor may not be high enough for
measuring small yaw rate values with a high precision.
A low signal will also contain more noise and other dis-
turbances which will degrade the measured signal.
[0066] At the same time, it is of advantage to use the
yaw rate as input for determining a desired articulation
angle when the vehicle is travelling at high speed, since
the articulation angle will be relatively small at high
speeds and since the resolution of an angle sensor may
not be high enough for measuring small articulation an-
gles with a high precision. A low signal will also contain
more noise and other disturbances which will degrade
the measured signal. Fig. 2 shows another example of a
schematic vehicle combination 100 comprising a first ve-
hicle unit 2, a second vehicle unit 3 and a third vehicle
unit 4. The difference between the vehicle combination
100 described here and the vehicle combination 1 de-
scribed above, is that the first driven axle 7 is provided
in the second vehicle unit 3. By mounting the hybrid drive
system in the second vehicle unit 3 may be advantageous
for e.g. weight distribution of the vehicle combination. In
this example, only the second articulation angle will be
controlled by the distributed propulsion system. The de-
lay time determining means will determine the delay val-
ue between the steering wheels of the vehicle combina-
tion and the second articulated joint 6. Since the first driv-
en axle is provided in the second vehicle unit, the first
articulation joint will not be affected by controlling the
propulsive ratio between the two driven axles. In this

13 14 



EP 3 233 600 B1

9

5

10

15

20

25

30

35

40

45

50

55

case, the second articulated joint will be controlled to
follow the path of the front wheels.
[0067] Fig. 3 shows a schematic flow chart of a method
for improving the manoeuvrability of a vehicle combina-
tion comprising a first vehicle unit, a second vehicle unit
and a third vehicle unit, where the vehicle combination
comprises a first driven axle and a second driven axle,
where the vehicle units are interconnected by articulated
joints.
[0068] In step 100, the articulation angles between the
vehicle units are determined. The first articulation angle
between the first vehicle unit and the second vehicle unit
is determined by the first articulation angle determining
means, and the second articulation angle between the
second vehicle unit and the third vehicle unit is deter-
mined by the second articulation angle determining
means. The articulation angle determining means may
be e.g. an angle sensor mounted at the pivoting joint.
[0069] In step 110, the steering wheel angle of the ve-
hicle combination is determined by a steering angle de-
termining means. This is preferably an angle sensor
mounted at the steering column or at a steering knuckle
of the steering arrangement of the vehicle combination.
The steering angle of the vehicle is preferably collected
from the internal data bus of the vehicle combination.
[0070] In step 120, the vehicle speed of the vehicle
combination is determined. The speed of the vehicle
combination is measured by e.g. using a speed sensor
and is preferably collected from the internal data bus of
the vehicle combination.
[0071] In step 130, the yaw rate of each vehicle unit is
determined if a yaw rate value is needed for the deter-
mination of a desired articulation angle. At low speeds
or when the vehicle combination stands still, a yaw rate
value is not used. The determination of the yaw rate for
a vehicle unit is done by using the articulation angle for
the articulated joint of that vehicle unit, the steering angle
of the vehicle combination and the vehicle speed. A ve-
hicle combination model can be used to determine the
yaw rate or to determine the required articulation angles
that are needed to be able to follow the curved path set
by the steering wheel angle of the first vehicle unit.
[0072] In step 140, a delay value between the steering
wheels of the vehicle combination and at least one of the
articulated joints is determined. The delay value is ob-
tained by using the speed of the vehicle combination and
known length measurements of the vehicle combination.
[0073] Preferably, a first delay value between the
steering wheels of the vehicle combination and the first
articulated joint is determined, and a second delay value
between the steering wheels of the vehicle combination
and the second articulated joint is determined.
[0074] In step 150, a desired articulation angle of the
first and the second articulated joints are controlled by
coordinating the force ratio between the first driven axle
and the second driven axle. The determined yaw rate of
the vehicle units and the determined delay value are used
to determine the force ratio.

[0075] In step 160, it is determined if the vehicle com-
bination has completed the travel along the curved path.
If not, the steps 100 to 150 are repeated until it is decided
that the vehicle combination has completed the travel
along the curved path. This may be decided e.g. by com-
paring the steering wheel angle to a predetermined angle
value. When the steering wheel angle is less than the
predetermined angle value, it can be decided that the
travel is completed. The predetermined angle value may
be e.g. in the range of 5 - 10 degrees or more.
[0076] The invention is not to be regarded as being
limited to the embodiments described above, a number
of additional variants and modifications being possible
within the scope of the subsequent patent claims.

REFERENCE SIGNS

[0077]

1: Vehicle combination
2: First vehicle unit
3: Second vehicle unit
4: Third vehicle unit
5: First articulated joint
6: Second articulated joint
7: First driven axle
8: Second driven axle
9: First differential
10: First propulsive source
11: Second differential
12: Second propulsive source
13: Front axle
14: Non-driven axle
15: First pivoting point
16: Second pivoting point
17: First yaw rate determining means
18: Second yaw rate determining means
19: Third yaw rate determining means
20: First articulation angle determining means
21: Second articulation angle determining means
22: Steering angle determining means
23: Delay time determining means
24: Right front wheel
25: Left front wheel
26: Right wheel of first driven axle
27: Left wheel of first driven axle
28: Right wheel of second driven axle
29: Left wheel of second driven axle
30: Right wheel of non-driven axle
31: Left wheel of non-driven axle
32: Steering wheel
33: Distributed propulsion system
34: Control unit
35: Speed determining means
36: Battery
100: Vehicle combination
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Claims

1. Arrangement for improving manoeuvrability of a ve-
hicle combination (1) comprising a first vehicle unit
(2), a second vehicle unit (3) and a third vehicle unit
(4) interconnected by articulated joints (5, 6), where
the vehicle combination further comprises a distrib-
uted propulsion system (33), in which the vehicle
combination (1) comprises a first driven axle (7) and
a second driven axle (8) and in which the first and
the second driven axles can be controlled independ-
ently, means (20, 21) for determining the articulation
angle between the vehicle units (2, 3, 4), means (22)
for determining a steering wheel angle of the vehicle
combination, means (35) for determining the speed
of the vehicle combination, means (17, 18, 19) for
determining the yaw rate of the vehicle units (2 ,3,
4), and means (23) for determining a delay value
between the steering wheels (24, 25) of the vehicle
combination and at least one of the articulated joints
(5, 6), characterized in that the arrangement is
adapted to control a desired articulation angle of the
first and the second articulated joints (5, 6) by coor-
dinating the force ratio between the first driven axle
(7) and the second driven axle (8) by using the de-
termined yaw rate or articulation angle of the vehicle
units (2, 3, 4) and the determined delay value.

2. Arrangement according to claim 1, characterized in
that the yaw rate of each vehicle unit is determined
by using the articulation angles, the steering angle
and the vehicle speed.

3. Arrangement according to any of claims 1 or 2, char-
acterized in that the desired first articulation angle
and the desired second articulation angle are equal.

4. Arrangement according to any of claims 1 to 3, char-
acterized in that the first driven axle (7) is provided
in the first vehicle unit (2) and the second driven axle
(8) is provided in the third vehicle unit (4).

5. Arrangement according to any of claims 1 to 3, char-
acterized in that the first driven axle (7) is provided
in the second vehicle unit (3) and the second driven
axle (8) is provided in the third vehicle unit (4).

6. Arrangement according to any of claims 1 to 5, char-
acterized in that the arrangement is adapted to con-
trol the desired articulation angles such that the sec-
ond vehicle unit (3) and the third vehicle unit (4) will
follow a desired vehicle path, thereby reducing the
radius of the swept path of the vehicle combination.

7. Arrangement according to claim 5, characterized in
that arrangement is adapted to use a vehicle com-
bination model to determine the required articulation
angles that are needed to be able to follow the curved

path set by the steering wheel angle of the first ve-
hicle unit.

8. Arrangement according to any of claims 1 to 7, char-
acterized in that the arrangement is adapted to con-
trol the force ratio between the first driven axle (7)
and the second driven axle (8) such that the propul-
sive force of the second driven axle is larger than
the propulsive force of the first driven axle when the
actual vehicle speed is below a predetermined ve-
hicle speed, thereby increasing the articulation angle
of the first and the second articulated joints.

9. Arrangement according to any of claims 1 to 5, char-
acterized in that the arrangement is adapted to con-
trol the desired articulation angles such that the sec-
ond vehicle unit (3) and the third vehicle unit (4) will
increase the radius of the desired vehicle path.

10. Arrangement according to claim 9, characterized in
that the arrangement is adapted to control the force
ratio between the first driven axle (7) and the second
driven axle (8) such that the propulsive force of the
second driven axle is lesser than the propulsive force
of the first driven axle when the actual vehicle speed
is above a predetermined vehicle speed, thereby de-
creasing the articulation angle of the first and the
second articulated joints.

11. Arrangement according to claim 10, characterized
in that the arrangement is adapted to control the
articulation angles such that the yaw rate of the sec-
ond vehicle unit equals the yaw rate of the first ve-
hicle unit after a first delay value and that yaw rate
of the third vehicle unit equals the yaw rate of the
first vehicle unit after a second delay value.

12. Vehicle comprising an arrangement according to any
of the preceding claims.

13. Vehicle according to claim 12, characterized in that
the vehicle combination consists of a tractor, a dolly
and a semi-trailer.

14. Vehicle according to claim 12, characterized in that
the vehicle combination consists of a bi-articulated
bus.

15. A method for improving the manoeuvrability of a ve-
hicle combination comprising a first vehicle unit, a
second vehicle unit and a third vehicle unit, where
the vehicle combination comprises a first driven axle
and a second driven axle, where the vehicle units
are interconnected by articulated joints, comprising
the following steps:

- determining the articulation angles between
the vehicle units and/or determining the yaw rate
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of the vehicle units,
- determining a steering wheel angle of the ve-
hicle combination,
- determining the speed of the vehicle combina-
tion,
- determining a delay value between the steering
wheels of the vehicle combination and at least
one of the articulated joints,
- controlling a desired articulation angle of the
first and the second articulated joints by coordi-
nating the force ratio between the first driven
axle and the second driven axle by using the
determined yaw rate of the vehicle units and the
determined delay value.

16. Method according to claim 15, where the force ratio
between the first driven axle and the second driven
axle is controlled such that the propulsive force of
the second driven axle is larger than the propulsive
force of the first driven axle when the actual vehicle
speed is below a predetermined vehicle speed,
thereby increasing the articulation angle of the first
and the second articulated joints.

17. Method according to claim 16, where the desired ar-
ticulation angles are controlled such that the second
vehicle unit and the third vehicle unit will follow a
desired vehicle path set by the steering wheel angle
of the first vehicle unit.

18. Method according to claim 15, where the force ratio
between the first driven axle and the second driven
axle is controlled such that the propulsive force of
the second driven axle is lesser than the propulsive
force of the first driven axle when the actual vehicle
speed is above a predetermined vehicle speed,
thereby decreasing the articulation angle of the first
and the second articulated joints.

19. Method according to claim 18, where the articulation
angles are controlled such that the yaw rate of the
second vehicle unit equals the yaw rate of the first
vehicle unit after a first delay value and that yaw rate
of the third vehicle unit equals the yaw rate of the
first vehicle unit after a second delay value.

20. A computer program comprising program code
means for performing all the steps of anyone of the
claims 15 - 19 when said program is run on a com-
puter.

21. A computer program product comprising program
code means stored on a computer readable medium
for performing all the steps of any one of the claims
15 - 19 when said program product is run on a com-
puter.

Patentansprüche

1. Anordnung zum Verbessern der Manövrierfähigkeit
einer Fahrzeugkombination (1), umfassend eine ers-
te Fahrzeugeinheit (2), eine zweite Fahrzeugeinheit
(3) und eine dritte Fahrzeugeinheit (4), miteinander
verbunden mittels Gelenkverbindungen (5, 6), wobei
die Fahrzeugkombination weiter ein verteiltes An-
triebssystem (33) umfasst, in dem die Fahrzeugkom-
bination (1) eine erste angetriebene Achse (7) und
eine zweite angetriebene Achse (8) umfasst, und in
der die ersten und die zweiten angetriebenen Ach-
sen unabhängig gesteuert werden können, Mittel
(20, 21) zum Bestimmen des Artikulationswinkels
zwischen den Fahrzeugeinheiten (2, 3, 4), Mitteln
(22) zum Bestimmen eines Lenkradwinkels der
Fahrzeugkombination, Mittel (35) zum Bestimmen
der Geschwindigkeit der Fahrzeugkombination, Mit-
tel (17, 18, 19) zum Bestimmen der Gierrate der
Fahrzeugeinheiten (2, 3, 4), und Mittel (23) zum Be-
stimmen eines Verzögerungswertes zwischen den
Lenkrädern (24, 25) der Fahrzeugkombination und
mindestens einer der Gelenkverbindungen (5, 6),
dadurch gekennzeichnet, dass die Anordnung
eingerichtet ist, um einen gewünschten Artikulati-
onswinkel der ersten und der zweiten Gelenkverbin-
dungen (5, 6) mittels Koordinierens des Kraftverhält-
nisses zwischen der ersten angetriebenen Achse (7)
und der zweiten angetriebenen Achse (8) mittels
Verwendens der bestimmten Gierrate oder des Ar-
tikulationswinkels der Fahrzeugeinheiten (2, 3, 4)
und des bestimmten Verzögerungswertes zu steu-
ern.

2. Anordnung nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Gierrate von jeder Fahrzeugein-
heit bestimmt ist mittels Verwendens des Artikulati-
onswinkels, des Lenkwinkels und der Fahrzeugge-
schwindigkeit.

3. Anordnung nach einem der Ansprüche 1 oder 2, da-
durch gekennzeichnet, dass der gewünschte erste
Artikulationswinkel und der gewünschte zweite Arti-
kulationswinkel gleich sind.

4. Anordnung nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass die erste angetriebe-
ne Achse (7) in der ersten Fahrzeugeinheit (2) be-
reitgestellt ist und die zweite angetriebene Achse (8)
in der dritten Fahrzeugeinheit (4) bereitgestellt ist.

5. Anordnung nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, dass die erste angetriebe-
ne Achse (7) in der zweiten Fahrzeugeinheit (3) be-
reitgestellt ist und die zweite angetriebene Achse (8)
in der dritten Fahrzeugeinheit (4) bereitgestellt ist.

6. Anordnung nach einem der Ansprüche 1 bis 5, da-
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durch gekennzeichnet, dass die Anordnung ein-
gerichtet ist, um die gewünschten Artikulationswin-
kel zu steuern, sodass die zweite Fahrzeugeinheit
(3) und die dritte Fahrzeugeinheit (4) einem ge-
wünschten Fahrzeugpfad folgen werden, wodurch
der Radius des gekrümmten Pfads der Fahrzeug-
kombination reduziert wird.

7. Anordnung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Anordnung eingerichtet ist, um
ein Fahrzeugkombinationsmodell zu verwenden,
um die erforderlichen Artikulationswinkel zu bestim-
men, die benötigt werden, um in der Lage zu sein,
dem gekrümmten Pfad zu folgen, der mittels des
Lenkradwinkels der ersten Fahrzeugeinheit gesetzt
ist.

8. Anordnung nach einem der Ansprüche 1 bis 7, da-
durch gekennzeichnet, dass die Anordnung ein-
gerichtet ist, um das Kraftverhältnis zwischen der
ersten angetriebenen Achse (7) und der zweiten an-
getriebenen Achse (8) zu steuern, sodass die An-
triebskraft der zweiten angetriebenen Achse größer
ist als die Antriebskraft der ersten angetriebenen
Achse, wenn die tatsächliche Fahrzeuggeschwin-
digkeit unterhalb einer vorbestimmten Fahrzeugge-
schwindigkeit ist, wodurch der Artikulationswinkel
der ersten und der zweiten Gelenkverbindungen er-
höht wird.

9. Anordnung nach einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, dass die Anordnung ein-
gerichtet ist, um die gewünschten Artikulationswin-
kel zu steuern, sodass die zweite Fahrzeugeinheit
(3) und die dritte Fahrzeugeinheit (4) den Radius des
gewünschten Fahrzeugpfads erhöhen werden.

10. Anordnung nach Anspruch 9, dadurch gekenn-
zeichnet, dass die Anordnung eingerichtet ist, um
das Kraftverhältnis zwischen der ersten angetriebe-
nen Achse (7) und der zweiten angetriebenen Ache
(8) zu steuern, sodass die Antriebskraft der zweiten
angetriebenen Achse weniger ist als die Antriebs-
kraft der ersten angetriebenen Achse, wenn die tat-
sächliche Fahrzeuggeschwindigkeit oberhalb einer
vorbestimmten Fahrzeuggeschwindigkeit ist, wo-
durch der Artikulationswinkel der ersten und der
zweiten Gelenkverbindungen verringert wird.

11. Anordnung nach Anspruch 10, dadurch gekenn-
zeichnet, dass die Anordnung eingerichtet ist, um
die Artikulationswinkel zu steuern, sodass die Gier-
rate der zweiten Fahrzeugeinheit gleich der Gierrate
der ersten Fahrzeugeinheit ist nach einem ersten
Verzögerungswert und sodass die Gierrate der drit-
ten Fahrzeugeinheit gleich der Gierrate der ersten
Fahrzeugeinheit nach einem zweiten Verzöge-
rungswert ist.

12. Fahrzeug, umfassend eine Anordnung nach einem
der vorstehenden Ansprüche.

13. Fahrzeug nach Anspruch 12, dadurch gekenn-
zeichnet, dass die Fahrzeugkombination aus einem
Traktor, einem Wagen und einem Sattelanhänger
besteht.

14. Fahrzeug nach Anspruch 12, dadurch gekenn-
zeichnet, dass die Fahrzeugkombination aus einem
Doppelgelenkbus besteht.

15. Verfahren zum Verbessern der Manövrierfähigkeit
einer Fahrzeugkombination, umfassend eine erste
Fahrzeugeinheit, eine zweite Fahrzeugeinheit und
eine dritte Fahrzeugeinheit, wobei die Fahrzeug-
kombination eine erste angetriebene Achse und eine
zweite angetriebene Achse umfasst, wobei die Fahr-
zeugeinheiten miteinander verbunden sind mittels
Gelenkverbindungen, umfassend die folgenden
Schritte:

- Bestimmen der Artikulationswinkel zwischen
den Fahrzeugeinheiten und/oder Bestimmen
der Gierrate der Fahrzeugeinheiten,
- Bestimmen eines Lenkradwinkels der Fahr-
zeugkombination,
- Bestimmen der Geschwindigkeit der Fahr-
zeugkombination,
- Bestimmen eines Verzögerungswertes zwi-
schen den Lenkrädern der Fahrzeugkombinati-
on und mindestens einer der Gelenkverbindun-
gen,
- Steuern eines gewünschten Artikulationswin-
kels der ersten und der zweiten Gelenkverbin-
dungen mittels Koordinierens des Kraftverhält-
nisses der ersten angetriebenen Achse und der
zweiten angetriebenen Achse mittels Verwen-
dens der bestimmten Gierrate der Fahrzeuge-
inheiten und des bestimmten Verzögerungs-
werts.

16. Verfahren nach Anspruch 15, wobei das Kraftver-
hältnis zwischen der ersten angetriebenen Achse
und der zweiten angetriebenen Achse gesteuert
wird, sodass die Antriebskraft der zweiten angetrie-
benen Achse größer ist als die Antriebskraft der ers-
ten angetriebenen Achse, wenn die tatsächliche
Fahrzeuggeschwindigkeit unterhalb einer vorbe-
stimmten Fahrzeuggeschwindigkeit ist, wodurch der
Artikulationswinkel der ersten und der zweiten Ge-
lenkverbindungen erhöht wird.

17. Verfahren nach Anspruch 16, wobei die gewünsch-
ten Artikulationswinkel gesteuert werden, sodass die
zweite Fahrzeugeinheit und die dritte Fahrzeugein-
heit einem gewünschten Fahrzeugpfad folgen wer-
den, gesetzt mittels des Lenkradwinkels der ersten
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Fahrzeugeinheit.

18. Verfahren nach Anspruch 15, wobei das Kraftver-
hältnis zwischen der ersten angetriebenen Achse
und der zweiten angetriebenen Achse gesteuert
wird, sodass die Antriebskraft der zweiten angetrie-
benen Achse weniger als die Antriebskraft der ersten
angetrieben Achse ist, wenn die tatsächliche Fahr-
zeuggeschwindigkeit oberhalb einer vorbestimmten
Fahrzeuggeschwindigkeit ist, wodurch der Artikula-
tionswinkel der ersten und der zweiten Gelenkver-
bindungen verringert wird.

19. Verfahren nach Anspruch 18, wobei die Artikulati-
onswinkel gesteuert werden, sodass die Gierrate der
zweiten Fahrzeugeinheit gleich der Gierrate der ers-
ten Fahrzeugeinheit nach einem ersten Verzöge-
rungswert ist und sodass die Gierrate der dritten
Fahrzeugeinheit gleich der Gierrate der ersten Fahr-
zeugeinheit nach einem zweiten Verzögerungswert
ist.

20. Computerprogramm, umfassend Programmcode-
mittel zum Durchführen aller der Schritte von einem
der Ansprüche 15 - 19, wenn das Programm auf ei-
nem Computer läuft.

21. Computerprogrammprodukt, umfassend Pro-
grammcodemittel, gespeichert auf einem computer-
lesbaren Medium zum Durchführen aller der Schritte
eines der Ansprüche 15 - 19, wenn das Programm-
produkt auf einem Computer läuft.

Revendications

1. Agencement pour améliorer la manœuvrabilité
d’une combinaison de véhicules (1) comprenant une
première unité de véhicule (2), une deuxième unité
de véhicule (3) et une troisième unité de véhicule (4)
reliées entre elles par des joints articulés (5, 6), où
la combinaison de véhicules comprend en outre
comprend un système de propulsion distribuée (33),
dans lequel la combinaison de véhicules (1) com-
prend un premier essieu moteur (7) et un second
essieu moteur (8) et dans lequel les premier et se-
cond essieux moteurs peuvent être commandés in-
dépendamment, des moyens (20, 21) pour détermi-
ner l’angle d’articulation entre les unités de véhicule
(2, 3, 4), des moyens (22) pour déterminer un angle
de volant de braquage de la combinaison de véhi-
cules, des moyens (35) pour déterminer la vitesse
de la combinaison de véhicules, des moyens (17,
18, 19) pour déterminer le taux de lacet des unités
de véhicule (2, 3, 4), et des moyens (23) pour déter-
miner une valeur de retard entre les volants (24, 25)
de la combinaison de véhicules et au moins l’un des
joints articulés (5, 6), caractérisé en ce que l’agen-

cement est adapté pour commander un angle d’ar-
ticulation souhaité des premier et second joints arti-
culés (5, 6) en coordonnant le rapport de force entre
le premier essieu moteur (7) et le second essieu mo-
teur (8) en utilisant le taux de lacet ou l’angle d’arti-
culation déterminé des unités du véhicule (2, 3, 4)
et la valeur de retard déterminée.

2. Agencement selon la revendication 1, caractérisé
en ce que le taux de lacet de chaque unité de véhi-
cule est déterminé en utilisant les angles d’articula-
tion, l’angle de braquage et la vitesse de véhicule.

3. Agencement selon l’une quelconque des revendica-
tions 1 ou 2, caractérisé en ce que le premier angle
d’articulation souhaité et le second angle d’articula-
tion souhaité sont égaux.

4. Agencement selon l’une quelconque des revendica-
tions 1 à 3, caractérisé en ce que le premier essieu
moteur (7) est prévu dans la première unité de vé-
hicule (2) et le second essieu moteur (8) est prévu
dans la troisième unité de véhicule (4).

5. Agencement selon l’une quelconque des revendica-
tions 1 à 3, caractérisé en ce que le premier essieu
moteur (7) est prévu dans la seconde unité de véhi-
cule (3) et le second essieu moteur (8) est prévu
dans la troisième unité de véhicule (4).

6. Agencement selon l’une quelconque des revendica-
tions 1 à 5, caractérisé en ce que l’agencement est
adapté pour commander les angles d’articulation
souhaités de telle sorte que la deuxième unité de
véhicule (3) et la troisième unité de véhicule (4) sui-
vent une trajectoire de véhicule souhaitée, en rédui-
sant ainsi le rayon de la trajectoire balayée de la
combinaison de véhicules.

7. Agencement selon la revendication 5, caractérisé
en ce que l’agencement est adapté pour utiliser un
modèle de combinaison de véhicules pour détermi-
ner les angles d’articulation requis qui sont néces-
saires pour pouvoir suivre la trajectoire courbe défi-
nie par l’angle de volant de braquage de la première
unité de véhicule.

8. Agencement selon l’une quelconque des revendica-
tions 1 à 7, caractérisé en ce que l’agencement est
adapté pour commander le rapport de force entre le
premier essieu moteur (7) et le second essieu mo-
teur (8) de sorte que la force de propulsion du second
essieu moteur est supérieure à la force de propulsion
du premier essieu moteur lorsque la vitesse de vé-
hicule réelle est inférieure à une vitesse de véhicule
prédéterminée, en augmentant ainsi l’angle d’articu-
lation des premier et second joints articulés.
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9. Agencement selon l’une quelconque des revendica-
tions 1 à 5, caractérisé en ce que l’agencement est
adapté pour commander les angles d’articulation
souhaités de telle sorte que la deuxième unité de
véhicule (3) et la troisième unité de véhicule (4) aug-
mentent le rayon de la trajectoire de véhicule sou-
haitée.

10. Agencement selon la revendications 9, caractérisé
en ce que l’agencement est adapté pour comman-
der le rapport de force entre le premier essieu moteur
(7) et le second essieu moteur (8) de sorte que la
force de propulsion du second essieu moteur est su-
périeure à la force de propulsion du premier essieu
moteur lorsque la vitesse de véhicule réelle est su-
périeure à une vitesse de véhicule prédéterminée,
en diminuant ainsi l’angle d’articulation des premier
et second joints articulés.

11. Agencement selon la revendication 10, caractérisé
en ce que l’agencement est adapté pour comman-
der les angles d’articulation de telle sorte que le taux
de lacet de la deuxième unité de véhicule est égal
au taux de lacet de la première unité de véhicule
après une première valeur de retard et que le taux
de lacet de la troisième unité de véhicule est égale
au taux de lacet de la première unité du véhicule
après une seconde valeur de retard.

12. Véhicule comprenant un agencement selon l’une
quelconque des revendications précédentes.

13. Véhicule selon la revendication 12, caractérisé en
ce que la combinaison de véhicules consiste en un
tracteur, un chariot et une semi-remorque.

14. Véhicule selon la revendication 12, caractérisé en
ce que la combinaison de véhicules consiste en un
bus bi-articulé.

15. Procédé pour améliorer la manœuvrabilité d’une
combinaison de véhicules comprenant une première
unité de véhicule, une deuxième unité de véhicule
et une troisième unité de véhicule, où la combinaison
de véhicule comprend un premier essieu moteur et
un second essieu moteur, où les unités de véhicule
sont reliées en elles par des joints articulés, com-
prenant les étapes suivantes consistant à :

- déterminer les angles d’articulation entre les
unités de véhicule et/ou déterminer le taux de
lacet des unités de véhicule,
- déterminer un angle de volant de braquage de
la combinaison de véhicules,
- déterminer la vitesse de la combinaison de vé-
hicules,
- déterminer une valeur de retard entre les vo-
lants de braquage de la combinaison de véhi-

cules et au moins l’un des joints articulés,
- commander un angle d’articulation souhaité
des premier et second joints articulés en coor-
donnant le rapport de force entre le premier es-
sieu moteur et le second essieu moteur en uti-
lisant le taux de lacet déterminé des unités du
véhicule et la valeur de retard déterminée.

16. Procédé selon la revendications 15, où le rapport de
force entre le premier essieu moteur et le second
essieu moteur est commandé de sorte que la force
de propulsion du second essieu moteur est supé-
rieure à la force de propulsion du premier essieu
moteur lorsque la vitesse de véhicule réelle est in-
férieure à une vitesse de véhicule prédéterminée,
en augmentant ainsi l’angle d’articulation des pre-
mier et second joints articulés.

17. Procédé selon la revendication 16, où les angles
d’articulation souhaités sont commandés de telle
sorte que la deuxième unité de véhicule et la troisiè-
me unité de véhicule suivent une trajectoire de vé-
hicule souhaitée définie par l’angle de volant de bra-
quage de la première unité de véhicule.

18. Procédé selon la revendications 15, où le rapport de
force entre le premier essieu moteur et le second
essieu moteur est commandé de telle sorte que la
force de propulsion du second essieu moteur est in-
férieure à la force de propulsion du premier essieu
moteur lorsque la vitesse de véhicule réelle est su-
périeure à une vitesse de véhicule prédéterminée,
en diminuant ainsi l’angle d’articulation des premier
et second joints articulés.

19. Procédé selon la revendication 18, où les angles
d’articulation sont commandés de telle sorte que le
taux de lacet de la deuxième unité de véhicule est
égal au taux de lacet de la première unité de véhicule
après une première valeur de retard et que le taux
de lacet de la troisième unité de véhicule est égale
au taux de lacet de la première unité du véhicule
après une seconde valeur de retard.

20. Programme informatique comprenant des moyens
de code de programme pour exécuter toutes les éta-
pes de l’une quelconque des revendications 15 à 19
lorsque ledit programme est exécuté sur un ordina-
teur.

21. Programme informatique comprenant des moyens
de code de programme stockés sur un support lisible
par ordinateur pour exécuter toutes les étapes de
l’une quelconque des revendications 15 à 19 lorsque
ledit programme est exécuté sur un ordinateur.
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